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The vaginal mucosa is populated with microflora, with lac-
tobacilli being the dominant microbes. The dominance of lac-
tobacilli over pathogenic anaerobes is positively associated 
with vaginal health [1], as evidenced by the strong association 
between reduced numbers of vaginal lactobacilli and common 
vaginal disorders, including bacterial vaginosis [1] and tricho-
moniasis [2,3]. Trichomoniasis is the most common nonviral 
sexually-transmitted infection worldwide and an apparent con-
tributor to HIV acquisition [1,2]. Trichomonas vaginalis has been 
associated with multiple morbidities, including pelvic inflam-
matory diseases, preterm birth, cervical cancer, and infertility 
as well [1,2]. Lactobacilli are believed to protect their hosts from 
urogenital tract infections via various mechanisms. For exam-
ple, lactobacilli have higher affinity for human uroepithelial 
cells in vitro and inhibit other pathogenic bacteria from adher-
ing to those cells based on competitive exclusion [4,5]. They 
are also capable of co-aggregating with pathogenic bacteria, 
which may result in the elimination of pathogens [6]. Several 
studies have demonstrated that lactobacilli adhere to vaginal 
epithelial cells (VECs). However, little is known about the ef-
fects of lactobacilli adherence to VECs on either the bacteria 
themselves or VECs. We therefore investigated the effects of 
adherence of lactobacilli to in vitro cultured VECs by analyz-
ing the acidity of the culture medium, cell viability, and prolif-
eration in the presence or absence of lactobacilli. 
We examined interactions between Lactobacillus acidophilus 
and in vitro cultured VECs, because this bacterial strain is fre-
quently recovered from the vagina [7]. L. acidophilus was grown 
in 20 ml of MRS broth (Difco Laboratories, Detroit, Michigan, 
USA) at 37˚C in a 5% CO2 incubator for 16 to 24 hr. The lac-
tobacilli were then subcultured for another 2 hr to achieve ex-
ponential growth [8]. Immortalized human MS74 cells (kindly 
provided by Prof. John F. Alderete JF, Texas University, USA) [9] 
were cultured at 37˚C in a 5% CO2 atmosphere in DMEM 
(WelGene, Daegu, Korea) supplemented with 10% FBS (Wel-
Gene) and 0.5% penicillin-streptomycin (GenDEPOT, Barker, 
Texas, USA) in a humidified atmosphere for 2-3 days. Conflu-
ent MS74 cells were harvested and seeded in new culture flasks 
(1.9×10
6 cells/ml) in a 5% CO2 atmosphere in the presence 
or absence of lactobacilli (2.5×10
5 CFU/ml). Then the cells 
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Abstract: Lactobacillus species in the female genital tract are thought to act as a barrier to infection. Several studies have 
demonstrated that lactobacilli can adhere to vaginal epithelial cells. However, little is known about how the adherence of 
lactobacilli to vaginal epithelial cells affects the acidity, cell viability, or proliferation of the lactobacilli themselves or those 
of vaginal epithelial cells. Lactobacillus acidophilus was co-cultured with immortalized human vaginal epithelial cells (MS74 
cell line), and the growth of L. acidophilus and the acidity of the culture medium were measured. MS74 cell density and 
viability were also assessed by counting cell numbers and observing the cell attachment state. L. acidophilus showed ex-
ponential growth for the first 6 hr until 9 hr, and the pH was maintained close to 4.0-5.0 at 24 hr after culture, consistent 
with previous studies. The growth curve of L. acidophilus or the pH values were relatively unaffected by co-culture with 
MS74 cells, confirming that L. acidophilus maintains a low pH in the presence of MS74 cells. This co-culture model could 
therefore potentially be used to mimic vaginal conditions for future in vitro studies. On the other hand, MS74 cells co-cul-
tured with L. acidophilus more firmly attached to the culture plate, and a higher number of cells were present compared 
to cells cultured in the absence of L. acidophilus. These results indicate that L. acidophilus increases MS74 cell prolifera-
tion and viability, suggesting that lactobacilli may contribute to the healthy environment for vaginal epithelial cells. 
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were incubated for different time intervals; 3, 6, 9, 12, and 24 
hr. All experiments were performed in triplicate. 
An acidic vaginal pH and the presence of lactobacilli are clear-
ly components of the multifaceted antimicrobial defense sys-
tem that operates in the vaginal fluid, because lactobacilli pro-
duce organic acids, including lactic acid [10]. An alteration in 
vaginal pH to less acidic values is strongly associated with vagi-
nal flora changes. For example, Trichomonas, Chlamydia, and 
Neisseria infections are associated with increases in the vaginal 
pH [11]. In particular, T. vaginalis appears to have a deleterious 
effect on the growth of L. acidophilus in vitro competitive assay 
[16].
To analyze the effects of co-culture on the ability of L. aci­
dophilus to maintain acidity, pH of the conditioned media was 
measured before and 3, 6, 9, 12, and 24 hr after culture using 
a pH meter (MP 230, Mettler Toledo, AG, Greifensee, Switzer-
land). The pH of the culture medium of L. acidophilus decreased 
rapidly from 6.2 to 4.6 over the first 6 hr and was then main-
tained at 3.8 until the end of the incubation period (Fig. 1A). 
Consistent with the previous report [12], these pH changes 
corresponded to the maximum growth rate of the bacterium, 
as shown in Fig. 1B and 1C. Likewise, the pH value of media 
from MS74 cells co-cultured with L. acidophilus also decreased 
profoundly from 7.6 to 5.7 for the first 6 hr, consistent with 
the change in growth rate of the bacterium (Fig. 1B, 1C). This 
pH value measured in the media from co-cultures is similar to 
the value measured in healthy vaginas. In contrast, there was 
no change in the pH of the media from MS74 cells cultured 
alone, as expected (Fig. 1A). These results confirm that L. aci­
dophilus maintains a low pH in the presence of MS74 cells. This 
co-culture model could therefore potentially be used to mimic 
vaginal conditions in future in vitro studies. 
The growth of L. acidophilus was also analyzed by measuring 
the optical density at 600 nm (OD600 nm) and assessing the num-
ber of colony forming units (CFUs) for each designated culture 
time point. The OD600 nm of cultured media collected from cul-
ture flasks was measured using a Beckman spectrophotometer 
(Beckman, Fullerton, California, USA). To determine the num-
ber of viable microorganisms, culture suspensions were dilut-
ed 10
4- and 10
6-fold in sterile distilled water, and then 100 μl of 
these diluted culture suspensions were spread onto MRS agar 
plates. The number of growing bacterial colonies was counted 
after 48 hr incubation. L. acidophilus cultured alone showed an 
exponential increase in OD600 nm from 0.4 to 3.0 for the first 6 
hr after culture, and the number of CFUs also reached a maxi-
mum value (5×10
9 CFU/ml) during the same period of time 
(Figs. 1B, 1C). Likewise, the OD600 nm of L. acidophilus co-cul-
tured with MS74 cells increased to 1.3 after the first 6 hr of in-
cubation and reached 1.6 at the end of the incubation (Fig. 1B). 
Although the OD600 nm value for L. acidophilus co-cultured with 
MS74 cells was half that obtained for L. acidophilus cultured 
alone, the bacteria numbers increased over time under both 
culture conditions in a similar manner. However, the number 
of CFUs after co-culture increased from 3×10
5 to 3×10
8 CFU/
Fig. 1. Analysis of pH, optical density (OD600 nm), and number of colony forming units (CFUs) from cultures of L. acidophilus with or 
without MS74 cells. To assess the ability of L. acidophilus to maintain a low pH under different culture conditions, L. acidophilus was 
cultured with or without MS74 cells in the basal medium. The pH measurements were performed 0, 3, 6, 9, 12, and 24 hr after incu-
bation. (A) Measurements of the pH of bacterial suspensions before and after culture, (B) Measurements of the OD600 nm of bacterial 
suspensions, (C) Measurements of CFUs to assess the viability of L. acidophilus. CFUs are presented as logarithmic values. MS74 
cells, immortalized human vaginal epithelial cells; OD600 nm, optical density; CFU, colony forming unit;    , MS74 cells alone;    , MS74 
cells co-cultured with L. acidophilus;    , L. acidophilus alone. Each value represents the mean±SD from 3 independent experiments, 
with each condition tested in triplicate. 
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ml over the first 6 hr, decreased after 9 hr, and was at 1.3×10
4 
CFU/ml at the end of the culture (Fig. 1C). The discrepancy in 
OD600 nm values may partly be explained by metabolic wastes 
produced by the co-cultured MS74 cells. 
We also analyzed the effects of L. acidophilus on MS74 cells 
by observing their cellular attachment to the culture plate and 
counting the number of viable cells. MS74 cells were cultured 
in T75 cell culture flasks (SPL lifesciences, Pocheon, Korea) in 
the presence or absence of L. acidophilus. After 24 hr culture, 
the culture flask was examined under a microscope (×400) 
(TS100, Nikon, Tokyo, Japan). As shown in Fig. 2, MS74 cells 
co-cultured with L. acidophilus were more firmly attached to 
the plate and were more confluent than were those cultured in 
the absence of L. acidophilus; several detached areas were ob-
served on the latter plate (Fig. 2A). The cells were harvested by 
incubation with 10% trypsin-EDTA solution (GenDEPOT), and 
then washed twice and resuspended with PBS via centrifuga-
tion at 2,000 g at 4˚C for 30 min. Viable cells were counted by 
staining the cells with trypan blue followed by visualization 
under a microscope using a hemocytometer (Superior Marien-
Feld, Bad Mergentheim, Germany). Differences between groups 
were analyzed by the Student’s t-test using SPSS 17.0 software 
for Windows (SPSS Inc., Chicago, Illinois, USA). Significance 
was accepted at P<0.05. More MS74 cells were present in co-
cultures with L. acidophilus than in cultures that did not con-
tain L. acidophilus (1.1×10
7 cells/ml versus 9×10
6 cells/ml, re-
spectively) (P<0.05) (Fig. 3). 
It has been suggested that close interdigitations formed be-
tween T. vaginalis and vaginal epithelia may cause mechanical 
damage to the cells and contribute to microhemorrhages and 
inflammation observed in the vaginal epithelium of patients 
with trichomoniasis [15]. Adhesion of lactobacilli results in 
the formation of a bacterial film on the vaginal epithelium and 
may contribute to the exclusion of pathogens from the vaginal 
mucosa. In addition, lactobacilli may promote a healthy vagi-
nal epithelial environment. In other words, VECs may be pro-
tected by the adherence of lactobacilli, and the vaginal ecosys-
tem may be more resistant to pathogens because of the pres-
ence of lactobacilli. 
The ability of L. acidophilus to survive and proliferate in the 
presence of VECs indicates that this system could be used in in 
vitro studies to mimic the vaginal environment. The co-culture 
A B
Fig. 2. Microscopic findings of MS74 cells cultured with or without L. acidophilus after a 24-hr incubation. (A) MS74 cells cultured with-
out L. acidophilus. (B) MS74 cells co-cultured with L. acidophilus (×400). 
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Fig. 3. Viable cell numbers of MS74 cells cultured with or with-
out L. acidophilus after a 24-hr incubation. MS74, MS74 cells 
alone; MS74 + Lacto, MS74 cells co-cultured with L. acidophi-
lus. Each value represents the mean±SD from 3 independent 
experiments. Statistical analysis between groups was done us-
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system described in this study could therefore be a valuable 
tool for investigating pathogenesis or for finding compounds 
that can protect against common vaginal disorders, including 
bacterial vaginosis and trichomoniasis. Previous studies have 
shown that the numbers of vaginal lactobacilli are reduced in 
the presence of a Trichomonas infection, and vice versa [13,14]. 
T. vaginalis can phagocytose lactobacilli, while lactobacilli slow 
the growth of T. vaginalis in in vitro culture [15]. Because high 
numbers of lactobacilli and a low pH are characteristic of a heal-
thy human vagina only, but not in animals [16], our in vitro 
model could be used to study the possible roles of Trichomonas 
virulence factors in reducing the number of lactobacilli as well 
as any direct harmful effects of the virulence factors on the VECs. 
Although T. vaginalis is usually curable, it has evolved and ad-
justed to the host environment in order to survive as any other 
parasite, and standard treatment-resistant trichomoniasis has 
been implicated in an increasing number of refractory cases 
[17]. This in vitro culture system could contribute to investiga-
tion of alternative curative therapies in a number of refractory 
cases. 
Vaginal floras are dynamic, and the level of lactobacilli used 
in the present study may not reflect the level of lactobacilli pre-
sent in the vagina of women. Further clarification of this rela-
tionship could improve our understanding of Trichomonas and 
may have implications for the treatment of trichomoniasis. This 
study showed that lactobacilli increase MS74 cell proliferation 
and cell viability. These results suggest that lactobacilli contrib-
ute to a healthy environment for VECs, thereby facilitating re-
sistance to pathogens, although the exact mechanisms still need 
to be clarified. Our model co-culture system can potentially be 
used to identify the factors that maintain a healthy vaginal mi-
cro-biota. 
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